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Abstract
Background—Building on known associations between active commuting and reduced
cardiovascular disease (CVD) risk, this study examines active transit to neighborhood amenities and
differences between walking versus cycling for transportation.
Method—Year 20 data from the Coronary Artery Risk Development in Young Adults (CARDIA)
study (3549 black and white adults aged 38–50 years in 2005–06) were analyzed in 2008–2009.
Sociodemographic correlates of transportation mode (car-only, walk-only, any cycling, other) to
neighborhood amenities were examined in multivariable multinomial logistic models. Gender-
stratified, multivariable linear or multinomial regression models compared CVD risk factors across
transit modes.
Results—Active transit was most common to parks and public transit stops; walking was more
common than cycling. Among those who used each amenity, active transit (walk-only and any cycling
versus car-only transit) was more common in men and those with no live-in partner and less than
full-time employment [significant OR's (95% CI) ranging from 1.56 (1.08, 2.27) to 4.52 (1.70,
12.14)], and less common in those with children. Active transit to any neighborhood amenity was
associated with more favorable BMI, waist circumference, and fitness [largest coefficient (95% CI)
−1.68 (−2.81, −0.55) for BMI, −3.41 (−5.71, −1.11) for waist circumference (cm), and 36.65 (17.99,
55.31) for treadmill test duration (sec)]. Only cycling was associated with lower lifetime CVD risk
classification.
Conclusion—Active transit to neighborhood amenities was related to sociodemographics and
CVD risk factors. Variation in health-related benefits by active transit mode, if validated in
prospective studies, may have implications for transportation planning and research.
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Active transit to work (walking or cycling) has received increased attention as a contributor to
physical activity1–3 and health.4, 5 However, active transit to neighborhood amenities such
as nearby stores or parks has received less attention, and little is known about cycling versus
walking for transportation.
Neighborhood amenities are central to urban planning strategies that encourage alternative
transportation modes by placing retail and other destinations close to homes.6–8 Further, unlike
active commuting, active transit to neighborhood amenities is relevant to workers and
nonworkers. While sociodemographic correlates of transportation and recreational walking9–
14 and health benefits of active commuting4, 5 have been examined, less is known about active
transit to neighborhood amenities. Despite sociodemographic differences between walkers and
cyclists, active transit research often combines walking and cycling for transportation.5, 15–
17 Understanding patterns and correlates of walking and cycling to neighborhood amenities
can aid efforts to increase overall physical activity.18
In this study, cross-sectional population-based data from the Coronary Artery Risk
Development in Young Adults (CARDIA) study were used to examine (1) types of
neighborhood amenities accessed by walking and cycling; (2) characteristics of those who walk
or cycle to neighborhood amenities; and (3) the association between active transit to
neighborhood amenities and cardiovascular disease (CVD) risk factors.
Methods
Study Sample
The CARDIA Study is a population-based prospective epidemiologic study of the determinants
and evolution of cardiovascular risk factors among young adults. At baseline (1985–6), 5,115
eligible subjects, aged 18–30 years, were enrolled with balance according to race, gender,
education (≤high school and >high school) and age (18–24 and 25–30) from the populations
of Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA. Specific recruitment
procedures were described elsewhere.19 Six follow-up examinations were conducted over 20
years with retention rate of 72% of the surviving cohort at the Year 20 exam (2005–06). All
data used in this report were collected at the year 20 examination.
From the initial 3549 Year 20 study subjects, pregnant women (n=6) and one transgendered
respondent were excluded. Further excluding those with missing outcome or covariate data
(n=825) yielded an analysis sample of 2717 individuals. Missing neighborhood amenities data
(collected as part of the CARDIA Fitness ancillary study) accounted for 72% (n=598) of Year
20 respondents excluded due to missing analytic variables, who were more likely to be black,
less active, exhibit less optimal CVD risk factor profiles, have no live-in partner or children
and lower socioeconomic indicators.
Exposure and Outcome Measures
Neighborhood amenities—In Year 20, CARDIA respondents provided information on
exercise facilities, parks, grocery stores, fast food restaurants, sit-down restaurants, and public
transit stops “in their neighborhood” (i.e., neighborhoods were self-defined). For each type of
amenity, respondents indicated: (1) if it was present in their neighborhood, (2) frequency of
use, and (3) transportation mode(s) (car, walking, biking, public transit) used.
Transit modes—Four mutually exclusive transit mode categories for each type of amenity
were created: car-only, two active transit modes (walk-only, any cycling), and other transit
mode combinations. There were sufficient numbers of subjects who reported “walking-only”;
Boone-Heinonen et al. Page 2













in contrast, “cycling-only” was uncommon, so cycling in combination with other mode(s) (“any
cycling”) was examined. Other mode combinations were heterogeneous and not of interest;
car combined with walking made up >77% of this category for each amenity (except 49% for
public transit stations). For subsequent analysis, transit modes were summarized into three
dichotomous variables: “walk-only,” “any cycling,” and “other” modes to any neighborhood
amenity.
Sociodemographic characteristics—Self- and interviewer-administered questionnaires
were used to collect household income, highest degree and grade completed, smoking status,
alcohol intake (ml/day), relationship status, and employment status. Number of children <18
years living in the household were determined from reported ages and live-in status of children
and stepchildren.
Leisure time physical activity other than walking and cycling—At each
examination, frequency of participation in 13 categories of moderate and vigorous recreational
sports, exercise, leisure, and occupational activities over the previous 12 months was
ascertained by an interviewer-administered questionnaire designed for CARDIA. As described
elsewhere,20 Physical activity scores are calculated in exercise units (EU) based on frequency
and intensity of each activity. Reliability and validity of the instrument is comparable to other
activity questionnaires.20,21 Physical activity other than walking and cycling was calculated
by excluding walking and cycling activities.
CVD risk factors—A symptom-limited maximal graded exercise treadmill test was
administered using a modified Balke protocol;22 treadmill duration (seconds) was examined
as a measure of fitness. Measurements of weight, height, and waist circumference were
obtained according to standardized protocol described previously.23 Body mass index (BMI)
was calculated as weight (kg)/height (m)2.
Active transit was examined in relation to lifetime CVD risk classifications based on levels of
five risk factors (total cholesterol, systolic and diastolic blood pressure, smoking, and diabetes).
This classification scheme was developed and validated in a sample of middle-aged adults,24
providing a measure of long-term CVD risk relevant for middle-age adults with relatively low
short-term CVD risk estimated by other risk classifications.25 Definitions are described in the
Table 1 footnote and include the following mutually exclusive classifications: all optimal, ≥1
not optimal, ≥1 elevated, ≥1 major risk factor. 1 and ≥2 major risk factors were combined due
to low frequency of ≥2 major risk factors. Samples of fasting blood lipids and glucose were
collected according to standardized CARDIA protocols and were processed at central
laboratories as described previously;26–29 measures were not used for individuals fasting <8
hours. Fasting glucose >125 mg/dL or current diabetes medication was classified as diabetic;
incorporation of oral glucose tolerance test results (2-hour levels >200 mg/dL) did not influence
results. Blood pressure was measured by a trained technician using a standard automated blood
pressure measurement monitor (Omron HEM907XL) after a 5-minute seated rest; the average
of the second and third measurements, calibrated to be comparable with random-zero
sphygmomanometers used in prior CARDIA exams, was used for analysis. Those reporting
current use of cholesterol- or blood pressure–lowering medications were classified with
“elevated” cholesterol or blood pressure values, respectively; cholesterol or blood pressure
levels in the “major” category remained classified as “major”.
Statistical Analysis
Statistical analyses were conducted in 2008–2009 using Stata, version 10.1. First, prevalences
for “walk-only” and “any cycling” to each type of neighborhood amenity were calculated
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among subjects who used the given amenity, and sample characteristics were compared
descriptively by gender using chi-square and t-tests.
Second, transit mode to each amenity type was examined as a function of a priori
sociodemographic characteristics (physical activity other than walking and cycling, gender,
race, relationship status, having children <12 or 13–17 years, education, >median household
income, employment status) among subjects who used each given neighborhood amenity. Odds
ratios from multivariable multinomial logistic models for correlates of mutually exclusive
transit modes (walking-only or any cycling versus car-only [referent]) are presented; “other”
modes of transit were included in analysis but not presented. For simplicity, sociodemographic
characteristics were reduced into groups with relatively homogeneous associations with transit
mode (e.g., results were similar with finer categorization of income). Analyses were adjusted
for age and study center (to control for sampling frame) and, in secondary analysis, for self-
reported presence of sidewalks and of walking and/or bicycle paths, and crime and lack of
safety as barriers to outdoor exercise.
Third, using multivariable regression models, BMI, waist circumference, and treadmill
duration (linear regression) and CVD lifetime risk category (multinomial logistic regression;
all optimal (referent), ≥1 not optimal, ≥1 elevated, ≥1 major risk factor) were modeled as a
function of transit mode to any neighborhood amenity (dichotomous walk-only, any cycling,
and other combinations (not shown); car-only was excluded and therefore the comparison
group), controlling for age, race, education, household income, alcohol consumption, study
center, and physical activity other than walking and cycling; smoking was included only in




Men and women differed on all sociodemographic characteristics except age (Table 1). Any
cycling, but not walking-only, for transit was more common in men than women. Women had
higher BMI, smaller waist circumference, lower fitness, and generally lower CHD lifetime
risk. Walking-only was more common than any cycling (Table 1) and amenities most
commonly accessed using active transit modes (walking-only or any cycling) were parks and
public transit stops (Figure 1).
Sociodemographic Correlates of Active Transit
Prevalence of walking-only relative to car-only transit was generally higher in men, whites,
and subjects without a live-in partner and without full-time employment (Table 2). Above-
median household income was generally negatively associated with walking-only, but
positively associated with walking to parks. White race was associated with walking to all
amenities except grocery stores and fast food restaurants. Associations with cycling for transit
may be unstable due to sparse data, but in general, sociodemographic correlates of any cycling
relative to car-only transit prevalence paralleled those for walking-only versus car-only transit.
Exceptions include stronger and more consistent associations between any cycling and physical
activity other than walking and cycling, male gender, and white race. Additionally, those with
young children in the household were generally less likely to walk-only (relative to car-only),
but not incorporate cycling, for transit. Results were similar after controlling for self-reported
sidewalks, paths, and crime and lack of safety.
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Association Between Active Transit and CVD Risk Factors
Overall, both active transit modes were negatively associated with BMI and waist
circumference and positively associated with fitness (Table 3). Associations were stronger and
more consistently significant for any cycling than walking-only, and associations with any
cycling were generally stronger in women than men. Any cycling, but not walking-only, for
transit was generally related to lower lifetime CVD risk classification, particularly for elevated
and major risk classifications (Figure 2). Associations were similar for each component of
lifetime CVD risk (results not shown).
Discussion
In this study, walking-only and any cycling for transit were associated with lower BMI, smaller
waist circumference, and higher fitness, while only any cycling was associated with lower
lifetime CVD risk classification. Parks and public transit stops were the most common
amenities accessed using active transit, and walking-only was more common than any cycling.
Transit modes varied by type of resource and individual characteristics, particularly gender
and relationship, child, and employment status. These findings have implications for promotion
of physical activity through community design and active transit research.
Characteristics and Destinations of Active Transit Users
Active transit was common in the CARDIA sample, with 42%–44% reporting walking-only
and 11%–19% reporting any biking to neighborhood amenities. Active transit prevalence was
higher than other studies (21%–28% walking10,11,30 and 6%–10% cycling30 for transit)
which use more restrictive definitions incorporating trip duration or frequency not ascertained
in the CARDIA study. Limiting examination of sociodemographic correlates of active transit
to those who used each type of amenity helped to isolate associations related to mode choice
by minimizing confounding due to differential availability and use of each amenity.
The finding of higher active transit prevalence in men and whites is consistent with higher total
physical activity levels in these groups.31–34 Gender differences may stem from greater safety
concerns in women,34 but relationships were similar after controlling for self-reported crime
and lack of safety. Racial differences may reflect disparities in physical or social environments,
35,36 suggesting that such disparities may need to be addressed for active transit to become a
viable option. However, gender and race differences in walking and cycling appear even after
controlling for built environment characteristics in prior research.37
Active transit was more common in those without a live-in partner or children, suggesting the
importance of time constraints and lifestyle in mode choice decisions. Similarly, active transit
was more common in individuals with less than full-time employment, who may have more
time and less access to a car. Car transit may be more appealing for those with greater time
constraints, or errands may be conducted en route between work and home. Financial resources
and car ownership may influence transit mode choices, but associations with employment
emerged even after controlling for education and income. Interestingly, active transit to most
neighborhood amenities was positively related to education but negatively related to income,
although most of these associations were not significant. While counterintuitive, similar
patterns have been observed elsewhere,9,11 perhaps reflecting complex roles of factors such
as resources (e.g., access to a car) and social norms (e.g., environmentalism).
Differences in Sociodemographic Correlates of Active Transit by Type of Neighborhood
Amenity
Active transit correlates were consistent across neighborhood amenities, with a few exceptions.
Walking-only for transit was generally more common in whites except to grocery stores and
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fast food restaurants. Given that these two amenities were least likely to be accessed using
active transit, these results may be driven by necessity (e.g., lack of access to a car) rather than
mode choice preference. Likewise, active transit was less common in those with above-median
income except for transit to parks, suggesting that walking only or any cycling to parks may
reflect leisure rather than utilitarian activity.
The majority (72%) of public transit users walked to a public transit stop, perhaps reflecting
environmental factors such as limited parking that influence public transit use, or dedication
to alternative transportation modes. Such factors may more strongly influence transit mode
decisions than sociodemographic characteristics, several of which were correlated with active
transit to amenities other than public transit stops. Public transit promotion may be valuable
because active transit to public transit stations is common regardless of many individual
characteristics, and public transit has been shown to be related to increased physical activity.
3
Active Transit Associations with CVD Risk Factors
Associations between walking-only and any cycling for transit with favorable BMI, waist
circumference, fitness levels, and lifetime CVD risk classification are consistent with a growing
literature showing that active commuting and walking are associated with lower CVD risk4,
38 and more favorable CVD risk profiles.5 These associations could reflect health benefits of
active transit, selection of active transit by healthier people, or both, but longitudinal studies
are needed to distinguish among these mechanisms.
Both Active, but not Equivalent: Walking-Only and any Cycling
In several cases, male gender, white race, and higher education were more strongly associated
with any cycling than walking-only for transit. That is, incorporation of any cycling into trips
to neighborhood amenities may be more strongly influenced to social norms and influences
related to these characteristics. Indeed, almost half of the current sample reported walking-
only for transit, which is consistent with evidence of walking as accessible to the general
population, as opposed to the small proportion reporting cycling. Walking requires minimal
equipment, skill, and transportation infrastructure (e.g., bike lanes) in the community. Thus,
relative to walking, promotion of cycling may require distinct or enhanced interventions to the
physical and social environments.
Any cycling is also more strongly related to CVD risk factors than walking-only for transit.
Compared to walking-only, transit incorporating cycling may be more beneficial to health,
perhaps because cycling can be performed at more vigorous intensities, more strongly
influenced by health status, or more strongly confounded by unmeasured attributes of cyclists.
This finding is consistent with stronger relationships between any cycling (as opposed to
walking-only) and high physical activity other than walking and cycling, which further suggest
that relationships between health and active transit measures that include cycling may be more
vulnerable to confounding by other physical activity or fitness levels. These findings suggest
potential limitations of combined walking/cycling measures because they represent
heterogeneity in physical activity intensity and potential health benefits that may vary cross-
culturally39 and across demographic subgroups.
Strengths and Limitations
The CARDIA data are observational and cross-sectional and study results do not imply
causality. The analysis was limited by self-reported physical activity and other lifestyle factors,
and cannot completely control for misreporting, which may include over-reporting of active
transit and walking; resulting bias may be exacerbated by exclusion of generally less healthy
individuals due to missing data, who may less likely to over-report healthy behaviors.
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Additionally, examination of self-reported amenities in self-defined neighborhoods has
limitations,40 but many concerns were avoided by examining transit modes among those
reporting use of each amenity. Measures of walking and cycling for transportation do not reflect
frequency or duration of activity. Due to the relatively small number of cyclists in the sample,
this study examined “any cycling,” a heterogeneous measure which may include walking and
therefore does not provide a clear comparison with walking-only. Further, car ownership may
be an important determinant of active transportation not examined in this study.9,12 More can
be learned from reports of barriers and facilitators to active transit, but these variables were
not collected in the CARDIA study.
Finally, classification of respondents reporting blood pressure– or cholesterol-lowering
medications into the “elevated” risk category was based on clinical guidelines for initiation for
medical treatment but likely resulted in some misclassification.
Conversely, study strengths include use of detailed data on active transit, measures of a variety
of types of physical activity from an instrument with known reliability and validity, and
extensive CVD risk biomarker data. Further, this study controlled for leisure physical activity,
which is uncommon in most studies relating walking to CVD risk factors.41
Conclusions
These findings extend research on active commuting (active transit to work) to address walking
and cycling for travel to neighborhood amenities. Study results provide evidence of
independent influences of sociodemographic factors on active transit and associations between
active transit and BMI, waist circumference, fitness, and lifetime CVD risk classification.
Sociodemographic correlates of walking-only and any cycling and relationships with health
measures suggest that cycling should be considered separately from walking as a sole means
of transportation. However, more detailed measures and longitudinal data are needed to clarify
these relationships. In particular, longitudinal analysis and more precise quantification of active
transit can improve understanding of the effect of walking or cycling for transportation on
health outcomes. Understanding active transit to neighborhood amenities can inform strategies
to promote physical activity.
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Prevalence of different modes of active transit (walk-only or any cycling)a to several types of
neighborhood amenities in CARDIA exam year 20 (2005-06) analysis sample, by type of
amenity
a Crude percentages; error bars represent ±1 SE. Limited to individuals who reported the
presence of and using each neighborhood amenity
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Odds ratios for walking-only and any cycling to any amenity and risk strata for lifetime CVD
risk classificationa
aExam Year 20 (2005-06) of the Coronary Artery Risk Development in Young Adults
(CARDIA) Study. Estimated from multinomial regression, adjusted for age, race, education,
income, alcohol intake, physical activity other than walking and bicyling, “other” transit modes
to any neighborhood amenity, and study center. Dependant variable categories were lifetime
CVD risk classifications (“all optimal risk factors”, “≥1 not optimal risk factor”, “≥1 elevated
risk factor”, and “≥1 major risk factor”) defined in footnote under Table 1. Odds ratios tabulated
are relative to “all optimal risk factors”. Error bars represent 95% confidence intervals.
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Table 1
Sample characteristics at Exam Year 20 (2005–06) of the Coronary Artery Risk Development in Young Adults
(CARDIA) Study, by gender [mean/% (SE)]
Men Women Significancea
Count 1172 1545
Age (mean) 45.2 (0.1) 45.1 (0.1) 0.405
White race (%) 60.2 (1.4) 52.6 (1.3) <0.001
Education (%) 0.014
 ≤ High school 39.8 (1.4) 35.6 (1.2)
 Some college 39.9 (1.4) 45.5 (1.3)
 Grad/professional 20.3 (1.2) 18.9 (1.0)
Household income tertile (%) <0.001
 1 (≤$42.5k) 27.6 (1.3) 36.9 (1.2)
 2 ($62.5–87.5k) 35.2 (1.4) 35.0 (1.2)
 3 (≥$150) 37.3 (1.4) 28.2 (1.1)
Alcohol (%) <0.001
 None 37.1 (1.4) 51.8 (1.3)
 <Median (>0 to <12 mL/day) 24.7 (1.3) 26.0 (1.1)
 >Median (>12 mL/day) 38.1 (1.4) 22.2 (1.1)
Physical activity w/out walking or cycling (%) <0.001
 None 2.4 (0.4) 6.4 (0.6)
 <Median 35.9 (1.4) 55.0 (1.3)
 >Median 61.7 (1.4) 38.6 (1.2)
No live-in partner (%) 31.5 (1.4) 38.6 (1.2) <0.001
Children (%) 0.001
 None 48.2 (1.5) 45.9 (1.3)
 Young (<12 years) 38.7 (1.4) 35.7 (1.2)
 Older (12–17 years) 13.1 (1.0) 18.4 (1.0)
Employment (%) <0.001
 Not employed 12.6 (1.0) 21.4 (1.0)
 Part time 6.3 (0.7) 15.7 (0.9)
 Full time 81.1 (1.1) 63.0 (1.2)
“Walk-only” to any amenity (%) 44.0 (1.5) 41.6 (1.3) 0.197
“Any cycling” to any amenity (%) 18.6 (1.1) 10.9 (0.8) <0.001
“Other” modes to any amenity (%) 19.5 (1.2) 23.4 (1.1) 0.014
“Car-only” to all amenities (%) 45.3 (1.5) 51.8 (1.3) 0.001
BMI (mean, kg/m2) 28.6 (0.2) 29.3 (0.2) 0.0088
Waist circumference (mean, cm) 95.9 (0.4) 87.3 (0.4) <0.001
Fitness (mean, sec) 514.4 (4.2) 366.2 (3.7) <0.001
Lifetime CHD risk classification (%) <0.001
 All optimal risk factorsb 16.1 (1.1) 24.5 (1.1)
 ≥1 not optimal risk factorc 20.2 (1.2) 19.5 (1.0)
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Men Women Significancea
 ≥1 elevated risk factord 33.6 (1.4) 29.6 (1.2)
 ≥1 major risk factore 30.2 (1.4) 26.4 (1.1)
a
Significance between genders, per chi-square or t-test for categoric and continuous variables, respectively. Bold font indicates significant (p<0.05).
b
Defined as total cholesterol<180 mg/dL, systolic blood pressure<120 mm Hg, diastolic blood pressure<80 mmg Hg, nonsmoker, and nondiabetic.
c
Defined as total cholesterol 180–199 mg/dL, systolic blood pressure 120–139 mm Hg, diastolic blood pressure 80–89 mmg Hg, nonsmoker, and
nondiabetic.
d
Defined as total cholesterol 200–239 mg/dL, systolic blood pressure 140–159 mm Hg, diastolic blood pressure 90–99 mmg Hg, nonsmoker, and
nondiabetic. Measures <major classification were classified as elevated if related medication reported in Year 20.
e
Defined as total cholesterol>240 mg/dL, systolic blood pressure ≥160 mm Hg, diastolic blood pressure ≥100 mm Hg, smoker, or diabetic.
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Table 3
Association between walking and cycling to any amenity and anthropometrics and fitnessa (coeff (95% CI))b
Men Women
BMI (kg/m2) Walk-only −0.46 (−1.08, 0.17) −0.62 (−1.33, 0.10)
Any cycling −0.34 (−1.12, 0.44) −1.68 (−2.81, −0.55)*
Waist circumference (cm) Walk-only −1.63 (−3.18, −0.09)* −0.33 (−1.78, 1.11)
Any cycling −2.27 (−4.22, −0.32)* −3.41 (−5.71, −1.11)*
Fitness (treadmill test duration, in seconds) Walk-only 14.31 (−0.48, 29.10) 17.07 (5.37, 28.77)*
Any cycling 27.01 (8.39, 45.63)* 36.65 (17.99, 55.31)*
a
All variables drawn from exam Year 20 (2005–06) of the Coronary Artery Risk Development in Young Adults (CARDIA) Study.
b
Estimated from linear regression modeling anthropometrics or fitness as a function of “walking only” to any destination and “any cycling” to any
destination, controlling for age, race, education, household income, alcohol intake, physical activity other than walking, and study center. Dichotomous
“other” mode combinations were included in the model but not presented, and “car-only” to any destination was excluded and therefore the comparison
group)
*
Bold font indicates significant (p<0.05)
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